At the onset of puberty, ovarian hormones increase inhibitory tone in the prefrontal cortex. Inhibitory maturation is a hallmark of the initiation of developmental windows of neural plasticity; pubertal hormones may trigger the opening of an adolescent critical period for experience-dependent rewiring of circuits underlying executive function.
The inner workings of the teen-age brain have baffled parents for centuries, but it is only in the past few decades that they've fascinated neuroscientists. The advent of magnetic resonance imaging (MRI) in the late 20th century provided a risk-free method for longitudinal imaging of the human brain. This technological advance resulted in a multitude of studies revealing surprising features of adolescent brain development. First, cortical volume initially increases in late childhood, and then steadily declines during adolescence [1, 2] . The waxing and waning of cortical thickness reflects an early period of synaptic elaboration, followed by a period of experience-dependent synaptic pruning [3, 4] . Second, different areas of cortex mature at different ages: primary sensory cortex matures earlier than association cortex [1] . Finally, maturation of prefrontal association cortex continues into the mid-20s, well beyond the age of legally defined adulthood [1, 5] . As a result of these new insights, popular explanations of teen-age risk-taking and ill-considered decisions are more likely to blame a haywire brain instead of the raging pubertal hormones invoked 50 years ago. A new study by Piekarski, Boivin, and Wilbrecht [6] reported in a recent issue of Current Biology marries raging hormones with the haywire prefrontal cortex, and raises the tantalizing idea that puberty itself opens a window of sensitivity for experience-dependent prefrontal plasticity.
We've long known that the brain is a target organ for gonadal steroid hormones throughout life. Hormonal influences are categorized as either activational or organizational. Activational effects refer to the ability of hormones to regulate gene expression or activity of target cells in the moment to facilitate sextypical physiological processes or behavior. They come and go with fluctuations in circulating hormone levels that occur either naturally (e.g., during annual breeding seasons) or experimentally (e.g., remove-andreplace). In contrast, organizational effects occur during sensitive periods of development, and are more of a hit and run: a brief exposure to hormone permanently sets developmental trajectory, and once the deed has been done, there is no need for the hormone to hang around. Organizational effects occur during the perinatal period, when testosterone is transiently elevated in males and masculinizes the brain, and also during adolescence, when both testicular and ovarian hormones program sex-typical physiology and behavior. Many of the previously identified organizational effects of gonadal hormones at puberty are on sex-specific social behaviors regulated primarily by sub-cortical brain regions [7, 8] , and mechanisms have remained elusive. Findings by Piekarski et al. provide the first demonstration of organization of neocortex by ovarian hormones at puberty and offer a mechanism by which they occur.
Piekarski et al. first measured miniature inhibitory and excitatory post-synaptic currents (mIPSCs and mEPSCs) in layer 2/3 pyramidal cells in the anterior cingulate cortex of female mice. They found that inhibitory tone increases at the onset of puberty: the frequency of mIPSCs, but not mEPSCs, increases between postnatal day (P) 24 (prepubertal) and P40 (postpubertal). This developmental shift in I/E balance is temporally correlated with a developmental shift in performance in a four-choice odor discrimination and reversal task that is dependent on the integrity of cingulate cortex. In this task, mice first learn that a food reward can be obtained in a cup scented with one odor; in the reversal phase, they must learn that a different odor predicts the cup containing food. Prepubertal mice learn the reversal more readily than postpubertal mice, indicating that pubertal maturation is associated with a decrease in behavioral flexibility. To determine whether the pubertal shift in I/E balance is related to age versus hormones, the authors conducted a series of hormone manipulation studies. Prepubertal ovariectomy prevented the normal increase in inhibitory tone, but if estradiol and progesterone were replaced at the time of ovariectomy, then the expected increase in inhibitory tone was observed. Thus, ovarian hormones are both necessary and sufficient for increases in mIPSC frequency. This effect of ovarian hormones is organizational, not activational, because postpubertal ovariectomy did not affect mIPSC frequency, which remained as high as that seen in ovary-intact mice of the same age. Finally, to mimic early onset of puberty, prepubertal mice were treated with ovarian hormones, and this manipulation advanced the maturation of inhibitory tone by enhancing the probability of GABA release. Notably, these effects of early hormone treatment on neurotransmission are region-specific, as they did not occur in somatosensory cortex. Early hormone treatment also produced an adult behavioral phenotype in the reversal learning task; when tested at a prepubertal age (P27), hormonetreated mice required more trials to meet criterion than age-matched vehicle controls. However, mice that were ovariectomized prepubertally and tested postpubertally in the reversal task also showed the adult phenotype, indicating that while ovarian hormones are sufficient to induce a decrease in behavioral flexibility, they are not necessary for its developmental manifestation.
The findings by Piekarski et al. are noteworthy because they are the first demonstration of organizational effects of ovarian hormones at puberty on neurotransmission in neocortex associated with executive function. Previous investigations of pubertal development of prefrontal cortex found that neuronal loss and synaptic pruning occur to a greater degree in female rats compared with males, and that prepubertal ovariectomy abolishes this sex difference [9, 10] . However, these studies did not compare effects of prepubertal versus postpubertal ovariectomy, an experimental requirement to distinguish activational from organizational effects, nor did they examine effects of prepubertal hormone removal or treatment on prefrontal function. A limitation of Piekarski et al. is that they studied only female mice, so it remains to be seen whether testosterone exerts similar organizational effects on prefrontal cortex in males.
The findings by Piekarski et al. raise the intriguing possibility that the arrival of ovarian hormones at the onset of puberty triggers the opening of a critical period for experience-dependent neural plasticity. They show that estrogen and progesterone treatment of prepubertal mice induces an increase in inhibitory tone, a hallmark of the opening of the experience-dependent critical period for establishment of ocular dominance columns in primary visual cortex [11] . In the visual system, increased inhibitory tone is proposed as a mechanism for suppression of spontaneous activity coupled with a shift to sensory experience as the primary regulator of synaptic strength and pruning. If this principle generalizes to association cortex, as suggested by the current findings, then we must fundamentally change our conceptualization of adolescent development and consider it a discrete window of neural plasticity. Furthermore, the opening of this critical period is linked to the timing of the onset of puberty. The research by Piekarski et al. has far-reaching implications because puberty is associated with increased risk for affective and eating disorders that disproportionately affect girls, and early puberty adversely affects long-term psychological health and academic achievement in girls [12] . These new findings show that early exposure to ovarian hormones has enduring effects on prefrontal activity and may prematurely open a sensitive period of experiencedependent neural plasticity. They create the imperative for investigation of the longterm consequences of the secular trend in earlier onset of puberty in girls and for childhood exposure to endocrinedisrupting compounds. One great remaining problem in evolutionary biology is to understand which common ancestor could have given rise to descendants as different as giant squid and microscopic pea clams. Two new papers provide important insights into molluscan body plan disparity.
Molluscs are both familiar and mysterious. Gastropods (snails and slugs), bivalves (clams and oysters) and cephalopods (octopus and squid) are of global economic importance ( Figure 1 ). The other five taxonomic classes of molluscs are less familiar: polyplacophorans are armoured slugs with metal teeth and millions of sensors embedded in their articulating shell armour; scaphopods are predators in a tubular shell with superelastic feeding tentacles; monoplacophorans are headless deep-sea limpets that were discovered alive only in 1957; finally, Solenogastres and Caudofoveata are two different types of worm-like molluscs that have no shells at all. Molluscs are the second largest animal phylum; in terms of species number they are only trumped by arthropods. But in terms of morphological diversity, or disparity, molluscs far outstrip arthropods and are the hands-down champions. If we could unpick the exact evolutionary relationships among the different groups of molluscs, it might help reveal the genomic traits that underpin this capacity for extreme morphological plasticity [1] . Two recent papers have provided important contributions to the pursuit of understanding molluscan disparity, touching on adaptations in both fossil and living members, with reports of an exceptionally preserved Ordovician stem chiton [2] and the first living records of a bizarre bivalve [3] . The eight crown group clades or taxonomic classes of molluscs are more or less unambiguously monophyletic, meaning each of them can be traced back to a last common ancestor. The splits among all of these clades occurred at some point relatively early in the Cambrian [4, 5] . Textbooks and phylogenetic studies typically illustrate a set of eight archetypes that represent the forms of living molluscs. Species that deviate from those plans may often be interpreted as aberrations that are uninformative to the long-term narrative of molluscan morphological evolution. However, we increasingly come to understand that morphological weirdness is the molluscan normal; this is a pattern evident from the diversity of living forms, and it is increasingly clear that morphological experimentation, including evolutionary dead ends and reversals, has been a constant feature of molluscs over more than 500 million years of their radiation.
What we understand about innovations in living lineages of molluscs indicates that they are particularly adept at fabricating mineralised armour. Gastropods have one shell, or two, or none: beyond the canonical one-shelled snails, there are sacoglossans (Juliidae) that were originally described as bivalves [6] , and while slugs and pelagic gastropods have reduced or lost the shell, several groups also possess secondary armour of subdermal calcareous spicules [7] . Bivalves, classically two-shelled, similarly encompass a range of adaptive forms, including predators, periodically free-swimming animals and others that are permanently glued to the substratum, as well as worm-like 'shipworm' bivalves with bodies whose reduced shells rasp out their burrows in the substratum. The giant shipworm Kuphus polythalamia is the longest living bivalve (over 1.5 m long),
